The probable ancestral haplotype for human apolipoprotein B (apoB) has been identified through immunological analysis of chimpanzee and gorilla serum and sequence analysis of their DNA. Moreover, the frequency of this ancestral apoB haplotype among different human populations provides strong support for the African origin of Homo sapiens sapiens and their subsequent migration from Africa to Europe and to the Pacific. The approach used here for the identification of the ancestral human apoB haplotype is likely to be applicable to many other genes.
The low density lipoproteins (LDL) are the principal carriers of cholesterol in the blood of humans and many higher animals. A single protein is found on the LDL; this protein, named apolipoprotein B (apoB), is composed of 4536 amino acid residues arranged in a single polypeptide chain (1) . Allelic variants of apoB are immunogenic, causing antibodies to be produced in the blood of patients who have received multiple transfusions. Immunological studies on these patients eventually identified a group of five immunogenic sites on their LDL; these became known as the "antigen group" (Ag) polymorphism, and the five sites were called Ag(c/g), Ag(a/d), Ag(x/y), Ag(h/i), and Ag(t/z) (2) . As shown in Fig.   1 , it is now known that all five Ag sites represent pairs of single amino acid substitutions at five different locations along the apoB polypeptide. Because different individuals possess different mixtures of these genetically determined epitopes, the Ag polymorphism provides a convenient system for assessing relatedness.
Extensive studies of the distributions of the Ag epitopes among many different ethnic groups eventually identified 14 different Ag haplotypes corresponding to 14 allelic variants of the apoB gene. Table 1 is a list of haplotype frequencies observed among different ethnic groups located in Europe, Asia, Africa, and Australia (5). An interesting genocline is apparent, and in particular, the frequency of haplotype 13, which is the most common haplotype among the Bantu, decreases almost in order of geographical propinquity from Africa through Europe and India, Tibet, China, and Australia.
In an attempt to identify the original human haplotype, we determined the Ag haplotype of two species of anthropoid apes, chimpanzee (Pan troglodytes) and gorilla (Gorilla gorilla). The ancestors of chimpanzee and gorilla probably diverged from those of humans about 5 million years ago (6) . The Ag epitopes identified in the sera of humans and apes are listed in Table 2 . All samples of apes showed identical patterns of reaction, exhibiting one Ag epitope, Ag(g, d, y, and t), and lacking the other epitope, Ag(c, a, x, and z),
Ag (x/y) respectively, at four Ag polymorphic sites, Ag(c/g), Ag(a/d), Ag(y/x), and Ag(t/z). The haplotype for chimpanzee and gorilla was found to be identical to human haplotype 13, except for the Ag(h/i) epitopes in the apes, which were not recognized by the human alloantibodies used for Ag typing. Therefore, in order to complete the haplotype analysis, we examined the nucleotide sequence in the region corresponding to the human Ag(h/i) polymorphism. § Genomic DNA samples from two humans, four chimps, and four gorillas were amplified by polymerase chain reaction (PCR), cloned, and sequenced in the vicinity of the Ag(h/i) polymorphism at nucleotide 11,041; shown in Fig. 2 are sequences for chimp, gorilla, and a human Ag(h) and human Ag(i). All ofthe chimpanzees and gorillas had sequences at the affected codon 3611 that were identical to the human Ag(i) nucleotide sequence. For both the chimpanzee and gorilla there was also a single nucleotide difference 70 nucleotides upstream from the human Ag(h/i) site, corresponding to an aspartate-to-histidine variation, which may account for the failure of the human antibodies to recognize the Ag(h/i) epitope in the apes. In addition, 28 nucleotides downstream from the human Ag(h/i) site is a second amino acid change in the gorilla sequence, a glutamine to histidine. Both these changes are indicated in Fig. 2 the unrelated 20 chimpanzees and 8 gorillas examined. Thus, for the apoB gene, the outgroup approach provides strong evidence that the evolution of the human Ag polymorphism is anchored to haplotype 13. Haplotype 13 also represents the most common human haplotype among the Bantu, the Senegalese, and the Swiss. All of the 10 Ag epitopes are found among the Bantu (Table 1) , and eight subsequent crossingover events can account for the remainder of the observed human haplotypes without necessitating fixation of backmutations at any of the Ag sites.
The absence of a single Ag variant among all of the apes that we have examined suggests that the Ag system is uniquely human, the new epitopes, Ag(c, a, x, h, z), having evolved after divergence through mutations occurring during the past 5 million years. Possibly chimpanzee and gorilla each have their own "Ag" polymorphisms associated with completely different locations along the apoB gene.
The frequencies corresponding to the different apoB haplotypes listed in Table 1 may be used to calculate the genetic distances between the various aboriginal populations. These genetic distances, given in Table 3 , are seen to vary in order of geographical contiguity, although the genetic distances are not strictly proportional to geographical distances.
An African origin for Homo sapiens sapiens is supported by an abundance of archaeological, linguistic, and genetic evidence (8, 9) , including use of the chimpanzee to root the human genealogical tree (10) . The genocline observed in Table 1 begins with the 0.695 frequency observed for haplotype 13 among the Bantu and progressively declines in the order of the proposed human migration from Central Africa through Europe and Asia to the Pacific and Australia. The abundance of haplotype 2 increases in an almost identical progression from Africa to Australia. While change in haplotype frequency might be explained by accelerated genetic drift among migrating groups because of their small sizes, with genetic stabilization occurring as the population of each newly colonized region increased, it is hard to account for the progressive rather than random nature of the changes ob- tDetermined by hemagglutination assay (7); a + indicates the presence and a -the absence of the corresponding Ag epitope. The --indicates that the human alloantibodies did not react with either Ag epitope of the corresponding pair, perhaps due to a nearby structural change in the apoB peptide of the ape.
served for haplotypes 2 and 13 by this mechanism. The probability that the genocline in haplotype 13, which decreases in order of geographical contiguity, is due to random chance is estimated to be less than 1 in 5000. A plausible hypothesis would suggest that haplotype 2 confers some genetic advantage over haplotype 13 in a non-African environment. Although the data of Table 1 have been interpreted differently (5), we believe that the combined data presented in Tables 1 and 2 are most simply explained by the African origin of humans and their subsequent migration to the Middle East, Europe, Asia, and Australia. The genetic distances between these populations are compatible with those determined previously from mitochondrial DNA (9) and from an extensive collection of genetic markers (8) ; from these and similar data, phylogenetic trees of humans have been constructed and projected on a map of the world (8, 11) . Here, what is new is the additional justification from the primate data for placing arrowheads denoting the African origin of H. sapiens sapiens and their subsequent spread along possible migratory routes to Europe and the Pacific (Fig. 3) .
The approach described in this communication for the identification of the ancestral allele of human apoB may be generally applicable. None of the five human Ag polymor- rooting of phylogenetic trees for other genes that are polymorphic in the human population. This will be valuable for anthropological and medical genetic studies and will identify the starting point for the sequence of changes that occurred during the recent evolution of the human genome.
